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LARGE AREA DISPLAY AND METHOD OF MANUFACTURING SAME 

BACKGROUND OF THE INVENTION 

Displays for video and computer monitors are well known in the art. Older 
5 display technologies, such at the cathode ray tube (CRT) displays, are being 

supplanted with newer technologies such as liquid crystal display (LCD) technology, 
electroluminescent (EL) display technology, and gas plasma display technology. 
These newer display technologies are useful in applications that require lighter 
weight, low power and thin displays relative to CRT display technology. 

10 LCD display devices, for example, typically include a pair of glass substrates 

or "half-cells" overlying one another with liquid crystal material confined between the 
glass substrates. The substrates are sealed at their periphery to form the cell or 
LCD. Transparent electrodes are typically applied to the interior surface of the 
substrates to allow the application of an electric field at various points on the 

15 substrates. These various points may form addressable pixel areas on the display. 

Note that conventional row and column cross point displays have difficulty 
when the array size reaches a certain limit. This is because the resistance of the 
rows and columns and parasitic capacitance combine to slow the driving speed 
down to an unusable point as the display becomes larger. It is desirable to be able 

20 to manufacture large area displays for use with portable devices such as laptop, 
notebook and tablet computers and personal digital assistants, as well as for much 
larger applications such as wall mounted displays. Accordingly, there exists a need 
in the art for large area display and method of manufacturing same. 

25 SUMMARY OF THE INVENTION 

An embodiment of a large area display according to the present invention may 
include a pixel layer including display elements, a connection layer, drivers in 
communication with the pixel layer and the connection layer, the drivers configured 
for driving pixels in the pixel layer and configured for communicating through the 
30 connection layer. The embodiment of a large area display may further comprise a 
laminate formed of the pixel layer, the connection layer and drivers. 

Additional features and advantages of the invention will be apparent from the 
detailed description which follows, taken in conjunction with the accompanying 
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drawings, which together illustrate, by way of example, features of embodiments of 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 The following drawings illustrate exemplary embodiments for carrying out the 

invention. Like reference numerals refer to like parts in different views or 
embodiments of the present invention in the drawings. 

FIG. 1 is a side view of components of a large area display prior to assembly 
according to an embodiment of the present invention. 
10 FIG. 2 is a rear view of an embodiment of a large area display according to an 

embodiment of the present invention. 

FIG. 3 is a flow chart of a method of manufacturing a large area display 
according to an embodiment of the present invention. 

FIG. 4 is diagram of an apparatus for manufacturing a large area display 
15 according to an embodiment of the present invention. 

DETAILED DESCRIPTION 

Reference will now be made to the exemplary embodiments illustrated in the 
drawings, and specific language will be used herein to describe the same. It will 

20 nevertheless be understood that no limitation of the scope of the invention is thereby 
intended. Alterations and further modifications of the inventive features illustrated 
herein, and additional applications of the principles of the inventions as illustrated 
herein, which would occur to one skilled in the relevant art and having possession of 
this disclosure, are to be considered within the scope of the invention. 

25 FIG. 1 is a side view of components of a large area display 100 prior to 

assembly according to an embodiment of the present invention. An embodiment of a 
large area display 100 may include a pixel layer 102, a connection layer 104 and 
drivers 106 (three drivers 106 are shown in FIG. 1) in communication with the pixel 
layer 102 and the connection layer 104. The drivers 106 may be configured for 

30 driving pixels in the pixel layer 102 and configured for communicating through the 
connection layer 104. Large area display 100 may further include a laminate formed 
of the pixel layer 102, the connection layer 104 and drivers 106 according to an 
embodiment of the present invention. 
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According to another embodiment of the large area display 100 the drivers 
106 are laminated between the pixel layer 102 and the connection layer 104. Drivers 
106 are in communication with the pixel layer 102 and the connection layer 104 after 
the components shown in FIG. 1 are assembled. Connection layer 104 may include 
5 a first conductive layer for providing power and ground connections to electronics 
associated with drivers 106 and a second conductive layer for providing serial data 
connectivity to an input/output (I/O) connector. Thus, connection layer 104 may be 
used to route power and communicate display data. A method 300 and apparatus 
400 for assembling a large area display are detailed below with reference to FIGS. 3 
10 and 4. 

Pixel layer 102 may comprise an active matrix display or a passive matrix 
display. Pixel layer 102 may have a repeating pattern of at least one sub-display 
202 (see FIG. 2 and related discussion below) according to embodiments of the 
present invention. Each sub-display 202 may include an array of display elements, 

15 also referred to herein as "pixels," viewable by a user of the large area display 100. 
The display elements emit light visible to a user of the large area display. The 
display elements of pixel layer 102 may comprise any suitable display technology 
including, but not limited to LCD, light emitting diode (LED), organic LED (OLED), 
polymer light emitting device (PLED). EL, electrophoretic display, electrochromic 

20 display, electrowetting, gas plasma and fiber plasma. Such display technologies are 
within the knowledge of one of ordinary skill in the art in possession of this disclosure 
and, thus, will not be further elaborated on herein. 

It will be understood that for certain types of display technologies no "control 
element" is needed. A control element may be a transistor, a diode or other active 

25 device for switching one or more display elements. Pixel layer 102 may further 
include a matrix of row and column signal lines having control elements at 
intersections of the row and column signal lines for driving pixels according to an 
embodiment of the invention. Pixel layer 102 may include one or more control 
elements per pixel. A control element may comprise a thin film transistor (TFT), 

30 metal insulator metal (MIM) device, or diode according to embodiments of the 
present invention. According to another embodiment of the present invention the 
control element may be a part of the display element as in a fiber plasma display. 
The row and column signals may be connected by a fan out pattern of signal lines 
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(see 208 in FIG. 2 and related discussion below) from pads on an inner surface of 
pixel layer 102 configured to mate with a surface of driver 106. 

Each driver 106 may be configured to drive the pixels of a sub-display 202. 
Multiple drivers 106 may be arranged in a two-dimensional array of sub-displays 202 
5 to form the large area display 100. Drivers 106 may comprise complementary 
transistors, according to embodiments of the present invention. Complementary 
transistors may include, for example and not by way of limitation, complementary 
metal oxide semiconductor (CMOS) circuitry, p- and n-channel amorphous or 
polycrystalline silicon or n-channel organic semiconductor paired with p-channel 

10 polycrystalline silicon. According to another embodiment of the invention, the CMOS 
circuitry may be formed on single crystal silicon. Drivers 106 may include serial data 
input for receiving display data according to other embodiments of the present 
invention. Drivers 106 may further include data output for sensing and testing 
according to yet further embodiments of the present invention. 

15 Electronic circuitry including complementary transistors for driving the pixels 

on the pixel layer 102 may be formed on rigid silicon or glass substrates or on 
flexible plastic substrates according to embodiments of the present invention. Of 
course, techniques for applying CMOS electronics on silicon substrates, e.g., drivers 
106, are known to those of ordinary skill in the art. Flexible plastic substrates, e.g., 

20 KAPTON® polyimide film, available from DuPont High Performance Materials, 
CIrcleville, OH, are also suitable substrates for electronic circuitry for drivers 106. 
Techniques for constructing vias and other interconnect structures in flexible 
substrates are also known to those of ordinary skill in the art. For example see, 
Neuberger et al., "A New Interlayer Interconnect Technology for Multilayer 

25 Fabrication", 1998 International Conference on Multichip Modules and High Density 
Packaging, pp. 218-23. 

An embodiment of a large area display 100 may further include an 
input/output (I/O) connector 206 in communication with bus 204 and in turn in 
communication with the connection layer 104. I/O connector 206 may be configured 

30 for external communication with a data source (not shown, see FIG. 2 and related 
discussion below). I/O connector 206 may be any suitable electrical connector for 
electrically connecting the large area display 100 to other electrical components, 
e.g., a video source (not shown). Bus 204 may be used to route display data, 
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sensing and testing signals between tine I/O connector 206 and the connection layer 
104. 

FIG. 2 is a rear view of an embodiment of a large area display 200 in 
accordance with the present invention. Large area display 200 may include a 
5 plurality of sub-displays 202 (nine sub-displays 202 are shown in FIG. 2). Each of 
the plurality of sub-displays 202 may include a pixel layer 102 for emitting light, a 
driver 106 in communication with the pixel layer 102 and configured for driving pixels 
in the pixel layer 102 and a connection layer 104 in communication with the driver 
106 and configured for serial data routing. The plurality of sub-displays 202 may be 

10 tiled together to form the large area display 200. Large area display 200 may further 
include an input/output (I/O) connector 206 in communication with the connection 
layer 104 of each of the plurality of sub-displays 202 and configured for 
communication with an external data source (not shown). 

As mentioned above, one problem with a conventional large area display with 

15 a single driver is the resistance and capacitive loading of row and column lines used 
to address individual pixels. The resistance and capacitive loading limits the 
switching speed of the individual display elements. The use of sub-displays 202 in a 
large area display 200 allows for shorter row and column connections associated 
with each driver relative to conventional large area displays. Thus, by breaking up 

20 regions of a large area display 200 into smaller sub-displays 202, faster switching 
can be achieved. Additionally, each driver 106 of a sub-display 202 may be smaller 
in area than the associated pixel layer 102 and connection layer 104 consistent with 
embodiments of the present invention. Thus, higher production yields and potentially 
lower costs may be achieved because of the smaller size of the drivers 106. 

25 Connection layer 104 and/or bus 204 and/or I/O connector 206 may include 

low voltage differential signaling (LVDS) technology for high-speed, low-power data 
transmission. The two industry standards that define LVDS are ANSI/TIA/EIA-644 
and IEEE 1596.3 SCI-LVDS. ANSI/TIA/EIA-644 defines the generic electrical layer 
of LVDS and IEEE 1596.3 SCI-LVDS is an application specific standard promulgated 

30 by the Institute for Electrical and Electronics Engineers (IEEE) titled Scalable 

Coherent Interface (SCI), LVDS technology utilizes differential logic to transmit data. 

It will be readily apparent that the number of sub-displays 202 and particular 
tiling arrangement used to form a large area display 200 may be arbitrarily chosen 
for a particular embodiment of the present invention. While the sub-displays 202 
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shown in FIG. 2 are roughly square in shape, other embodiments of the present 
invention contemplate arbitrary rectangular shapes of arbitrary size. Thus, a large 
area display 200 may be sized to virtually any dimension or have any desired aspect 
ratio (W:H, where W = width and H = height). For example, embodiments of a large 
5 area display 200 may have a conventional aspect ratio of 4:3, or a theater aspect 
ratio of 16:9. Furthermore, a large area display 200 may have an arbitrarily large 
viewing area. For example, an embodiment of a large area display may be formed 
of sub-displays 202 each of which having a viewing area of size greater than or 
equal to about one thousand square centimeters. Other embodiments of a large 

10 area display 200 may have a total viewing area of one square meter or more. 

FIG. 3 is a flow chart of a method 300 of manufacturing a large area display in 
accordance with an embodiment of the present invention. Method 300 may include 
providing 302 a pixel layer, providing 304 a connection layer and providing 306 
drivers. Method 300 may further include laminating 308 the pixel layer, the drivers 

15 and the connection layer to form an operable large area display. 

Providing 302 a pixel layer may include providing at least one of a LCD, 
OLED, EL, PLED, LED, electrophoretic display, electrochromic display, 
electrowetting, gas plasma, fiber plasma or other suitable display consistent with 
embodiments of the present invention. Providing 302 a pixel layer may further 

20 include providing at least one transistor for each pixel according to another 

embodiment of the present invention. Each transistor may be a thin film transistor 
(TFT) according to yet another embodiment of the present invention. Providing 302 
a pixel layer may include providing a sheet of enhancement mode organic 
semiconductor. 

25 Laminating 308 may include laminating the drivers 106 between the pixel 102 

and connection layers 104. Techniques and materials for planarizing a large area 
display having a thickness offset caused by laminates, e.g., drivers 106, are known 
to those skilled in the art. For example see, Greenfield et al.. "A Lamination Study of 
a Composite LCD Flat Panel Display", 2002 Inter Society Conference on Thermal 

30 Phenomena, pp. 1001-06. Techniques for connecting ICs, e.g., a CMOS on silicon 
embodiment of driver 106, embedded in a multi-layer laminate are also known to 
those of ordinary skill in the art. For example see, Jung et al., "Chip-in-Polymer: 
Volumetric Packaging Solution using PCB technology", 2002 SEMI/IEEE lEMT, pp. 
46-49. 
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FIG. 4 is a diagram of an apparatus 400 for manufacturing a large area 
display according to an embodiment of the present invention. Apparatus 400 may 
include a source 402 of a pixel layer 102, a source 404 of drivers 106 and a source 
406 of a connection layer 104 according to an embodiment of the present invention. 
5 The source 402 of a pixel layer 102 may be roll of pixel layer material preformed or 
processed through a roll-to-roll manufacturing process according to an embodiment 
of the present invention. The source 406 of a connection layer 104 may be roll of 
connection layer material preformed or processed through a roll-to-roll manufacturing 
process according to an embodiment of the present invention. The source 404 of 

10 drivers may be a CMOS fabrication line according to an embodiment of the present 
invention. The source 404 of drivers 106 may be a pick and place machine with 
drivers 106 preformed according another embodiment of the present invention. 

Apparatus 400 may further include an apparatus 408 for laminating the pixel 
layer, drivers and connection layer to form an operable large area display according 

15 to another embodiment of the present invention. An embodiment of the apparatus 
408 for laminating the pixel layer 102, drivers 106 and connection layer 104 to form 
an operable large area display 100, 200 may include a couple of rollers 410 for 
pressing together and. thus, laminating the pixel layer 102, drivers 106 and 
connection layer 104 to form an operable large area display 100, 200, as shown in 

20 FIG. 4. 

Another embodiment of the apparatus 408 for laminating may include roll-to- 
roll manufacturing. A description of an exemplary roll-to-roll manufacturing process 
for producing displays can be found in R.C. Liang, MICROCUP® Electrophoretic and 
Liquid Crystal Displays by Roll-to-Roll Manufacturing Processes, SiPix Imaging, Inc., 

25 1075 Montague Expressway, Milpitas, California, 95035. Roll-to-roll manufacturing 
techniques are known to one of ordinary skill in the art and, thus will not be further 
elaborated on herein. 

An embodiment of apparatus 400 may further include an apparatus (not 
shown) for placing features on the pixel layer or the connection layer. The apparatus 

30 may comprise an embossing roller with patterning in a roll-to-roll manufacturing 

process. Roll-to-roll manufacturing allows the sub-displays 202 to be replicated on 
the pixel layer 102. Patterning of electronics on glass and plastic substrates may 
also be achieved by using low-temperature polysilicon (LTPS) technology according 
to an embodiment of the present invention. LTPS technology includes the formation 
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of a thin layer of amorphous silicon layer on the substrate followed by heating to 
crystallize it as a polysilicon layer. Amorphous silicon crystal growing technology, 
known as "CG silicon", may also be used to place electronic directly on a glass 
substrate according to another embodiment of the present invention. Conventional 
5 analog, digital and mixed-signal circuitry as needed may then be applied to the 
polysilicon or CG silicon layer. LTPS and CG silicon technologies are within the 
knowledge of one of ordinary skill in the art and, thus, will not be further elaborated 
on herein. 

It is to be understood that the above-referenced arrangements are illustrative 
10 of the application for the principles of the present invention. Numerous modifications 
and alternative arrangements can be devised without departing from the spirit and 
scope of the present invention while the present invention has been shown in the 
drawings and described above in connection with the exemplary embodiments of the 
invention. It will be apparent to those of ordinary skill in the art that numerous 
15 modifications can be made without departing from the principles and concepts of the 
invention as set forth in the claims. 
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